ABSTRACT Objective To evaluate the efficacy of a short course of parent initiated oral prednisolone for acute asthma in children of school age. Design Double blind, randomised, placebo controlled, crossover trial in which episodes of asthma, rather than participants, were randomised to treatment.
INTRODUCTION
Acute asthma is one of the leading causes of emergency department presentation and hospital admission worldwide. 1 Strategies to reduce the burden of symptoms related to acute asthma and cut health resource use are clearly needed. There is high level evidence that oral corticosteroids are effective in the treatment of acute asthma in children of school age when administered after the child has been assessed by a doctor. 2 Many of the benefits of oral corticosteroids have been shown to begin within three hours of administration, 3 and delayed dosing is less effective at resolving acute asthma. 4 Incorporating parent initiation of oral corticosteroids into the education and action plans for acute asthma that doctors provide families may be an effective way to ensure oral corticosteroid therapy is initiated promptly when a child suffers an episode of acute asthma. However, a strategy of parent initiated oral corticosteroids is likely to result in higher levels of administration of corticosteroids to children with asthma. This issue is of concern because in addition to their immediate effects on behaviour 5 and adrenal function, 6 oral corticosteroids are linked with reduced adult height in children with asthma. 7 For example, as few as five short courses of oral corticosteroids over a seven year period during childhood has been associated with diminished bone mineral accrual. 8 Therefore, the potential benefits of parent initiated oral corticosteroids require careful evaluation.
Parent initiated treatment with oral corticosteroids seems to be ineffective among preschool children with so called "viral induced wheeze," 9 and the European Respiratory Society recently advised against parent initiated oral corticosteroids in children of preschool age with recurrent wheeze. 10 Existing evidence regarding parent initiated oral corticosteroids in school age children with asthma is inadequate, 11 and the role of parent initiation of oral corticosteroids is not clarified in international asthma management guidelines. 12 13 None the less, parent initiated oral corticosteroids are widely used in clinical practice. 14 We undertook a double blind, randomised, crossover trial to determine the effectiveness of parent initiated oral prednisolone compared with placebo in children of primary school age who experience recurrent episodes of acute asthma.
METHODS

Patients
This single centre population based study was conducted in the Barwon region of Victoria, Australia. Children aged 5 to 12 years who had experienced four or more episodes of acute asthma requiring at least 24 hours of bronchodilator therapy in the preceding 12 months were eligible to participate, regardless of the presence or absence of asthma interval symptoms. We judged that these criteria could be applied in a general practice setting and would identify children likely to have further episodes of acute asthma.
We conducted a survey among parents to determine the prevalence of asthma symptoms in children at primary school in the Barwon region and included a request for respondents to volunteer their contact details. 15 Parents who reported that their child had experienced four or more episodes of wheeze during the preceding 12 months were contacted and underwent a structured telephone interview designed to identify children likely to meet the trial eligibility criteria. We also identified potential participants via the Geelong Hospital. Potential participants then underwent an assessment with a single paediatrician (PJV) to determine eligibility.
Procedures
We randomised episodes of acute asthma, rather than participants. Participants were randomly assigned to one of four sequences of study medication (ABAB, ABBA, BAAB, or BABA, where A=prednisolone and B=placebo). Each discrete episode of acute asthma was treated with one or the other of the parent initiated study medications (A or B) in the sequence specified. Participants were able to contribute a maximum of eight episodes of acute asthma to data collection.
The hospital pharmacist stored the sequence codes and dispensed the study medication for the first episode at the time of enrolment and subsequent medications after each episode according to the assigned sequence. The prednisolone solution we used was Redipred (Aspen Pharmacare Pty Ltd; Saint Leonards, NSW, Australia), which contains 6.72 mg/ml of the active ingredient, prednisolone sodium phosphate. The placebo solution was also manufactured by the makers of Redipred; however, the hospital pharmacist added 0.1% quinine bisulphate to the placebo mixture to mimic the bitter taste of prednisolone. The bottles of prednisolone and placebo appeared identical. We used a once daily dose of 1 mg per kg in dosing intervals of 10 mg (that is, 10, 20, 30, 40, or 50 mg). Any doctor could substitute the study medication with an oral corticosteroid if they deemed it appropriate because of worsening or persisting symptoms. Children in the study were given parent initiated prednisolone or placebo in addition to their standard treatment.
Episodes of acute asthma were defined by the following advice given to parents: "If from previous experience you suspect this is a more severe attack, or if the symptoms are not getting better in about 6 to 8 hours with regular use of reliever medication, give your child the study medication immediately." Parents were instructed to continue to administer the study medication for three to five days depending on the persistence or resolution of their child's asthma symptoms. To ensure an adequate washout period and that the episodes were discrete, parents were instructed not to commence a course of study medicine until a minimum of 14 days after starting the previous treatment and seven days after stopping a previous course of study medication or oral corticosteroids. Parents were instructed not to increase the dose of inhaled corticosteroid (if applicable) during an exacerbation.
During the enrolment process, a personalised asthma management plan was developed for each participant in accordance with the local asthma management guidelines. 16 We sought to ensure that the use or non-use of any additional asthma preventive medications was appropriate, that an appropriate drug delivery device was being used effectively, that there was a sound understanding of dosing (including the fact that for children older than 6 years it was appropriate to deliver up to 12 actuations (1200 μg) of salbutamol at a time), and that the families understood the criteria for seeking a medical review. Parents were instructed to seek a medical review: (1) if their child had a bad attack or they were worried; (2) if their child needed salbutamol more than every 3 hours; (3) if their child was getting little or no relief from salbutamol; or (4) if wheezing lasted more than 24 hours and was not getting better.
The participant's atopic status was determined via skin prick testing in accordance with standard guidelines. 17 The physician conducting enrolment (PJV) recorded a subjective impression of the parent's competence with asthma management on a five point scale. Adherence was determined by correlating the parent's report with the amount of study medication remaining when data collection was complete.
The primary outcome measure was mean daytime symptom score over seven days according to the paediatric asthma diary 18 (table 1) . This daytime symptom score was chosen because it is a well validated instrument for measuring a child's experience of acute asthma. Secondary outcome measures were the mean night time symptom score, health resource use, asthma-free days (daytime symptom score of zero), days of school missed, days of work missed by the parent(s), and substitution of the study medication with an oral corticosteroid following a medical review. Health resource use was a dichotomous outcome defined by the occurrence of a local doctor, paediatrician, or emergency department review for acute asthma during the seven days after initiation of the study medication. Symptom scores, health resource use, and behavioural changes were documented in the diaries.
Statistical analysis
We conducted a log scale sample size calculation 19 to determine how many episodes of acute asthma would be required to detect a 20% reduction in the mean daytime symptom score, basing the anticipated mean and variance of the daytime symptom score on previous publications 18 and using an alpha value of 0.05 with a power value of 0.9. This calculation indicated that we would require 154 episodes of acute asthma per treatment group to ensure the study would be sufficiently powered. The trial statistician (JBC) conducted a preplanned and blinded interim analysis when data on 160 episodes of acute asthma had been collected. The difference between treatment groups in daytime symptom score and health resource use was insufficient to meet the Haybittle-Peto stopping rule. 20 All episodes of acute asthma that resulted in the participant receiving at least one dose of the study medication were included in the analyses for health resource use. For each of the diary derived outcomes, however, we included only diaries in which all the items relevant to the calculation of the given outcome were completed. The daytime symptom score and night time symptom score were analysed in a log scale, with comparisons reported as geometric mean ratios. Analyses were performed using generalised estimating equations to allow for correlation among repeated observations collected from participants contributing multiple episodes of acute asthma. 21 Dichotomous outcomes such as health resource use were compared between treatment arms, with odds ratios obtained from logistic regression models fitted using the generalised estimating equations method. Analyses were performed with Stata, version 10 (Stata Corporation; Austin, TX).
RESULTS
Two hundred and five children were identified via the asthma survey and were enrolled between 8 March and 18 September 2005. A further 25 eligible participants were identified by presentation to the Geelong Hospital during the course of the trial. The recruitment, randomisation, and follow-up of participants are shown in figure 1 .
Approximately 340 children in the Barwon region would have met the study eligibility criteria. Thus, we estimate that the 230 children who participated in the study represented greater than 60% of those who were eligible in the region. Of the 230 children who were randomly assigned treatment, 225 (98%) stayed in the study until data collection was completed. The mean period for which participants were eligible to contribute episodes was 2 years and 9 months.
Between 14 March 2005 and 24 May 2008, 131 (57%) of the 230 participants contributed a total of 308 episodes of asthma that required parent initiated treatment with the study medication. The baseline characteristics of the 131 participants who contributed episodes are shown in table 2. At the time of enrolment, almost half (56/131 (43%)) of the participants who contributed episodes reported asthma interval symptoms (more than one disturbed night per week; difficulty participating in physical activities; or bronchodilator use on more than one day per week). Two thirds (89/131 (68%)) had been prescribed an asthma preventive medication for regular use, in accordance with current asthma management guidelines.
The numbers of episodes contributed per participant were as follows: 55 participants contributed one episode; 29 contributed two; 23 contributed three; nine contributed four; eight contributed five; one contributed six; four contributed seven; and two contributed eight. Only seven participants contributed more than two episodes a year. All the daytime symptom score items in the symptom diary were completed for 140 (90%) of the 155 episodes treated with prednisolone and 136 (89%) of the 153 of the episodes treated with placebo. Complete data on health resource use were available for all 308 episodes. As a result of the trial's crossover design, the baseline characteristics of the participants were similarly distributed between episodes treated with prednisolone and those treated with placebo.
Outcomes
The differences between episodes treated with prednisolone and those treated with placebo in asthma symptom scores, asthma-free days, and missed days of school and work are summarised in table 3. The daytime symptom score was 15% lower in episodes treated The daytime symptom score was calculated by adding the circled response (0 to 5) for each of the three daytime questions (total 15). A mean score was derived over a seven day period. The night time symptom score was calculated from the response (0 to 3) to the single night time question. A mean score was derived over a seven night period.
with parent initiated prednisolone than in those treated with placebo (geometric mean ratio 0.85, 95% CI 0.74 to 0.98; P=0.023). A similar reduction was seen in the night time symptom score, but the statistical evidence was slightly weaker (geometric mean ratio 0.84, 95% CI 0.70 to 1.00; P=0.05). There was little evidence for a difference between treatment groups in the number of asthma-free days (mean difference 0.3 days, 95% CI −0.1 to 0.6 days; P=0.124). Children missed fewer days of school for episodes treated with prednisolone than for those treated with placebo (mean difference −0.4 days, 95% CI −0.8 to 0.0 days; P=0.045), but there was no difference in the amount of work missed by parents (mean difference −0.1 days, 95% CI −0.4 to 0.3 days; P=0.765). There was no evidence that the effect of prednisolone compared with placebo on daytime symptom score and health resource use was greater in any particular subgroup (fig 2) . The rates of asthma related health resource use and substitution of the study medication with an oral corticosteroid are summarised in table 4. Episodes of asthma treated with prednisolone were less likely to result in use of health resources than episodes treated with placebo (odds ratio 0.54, 95% CI 0.34 to 0.86; P=0.010). The majority of this difference was owing to a reduced rate of local doctor review for episodes treated with prednisolone. There was also some evidence that treatment with prednisolone was associated with a reduced risk of hospital admission (odds ratio 0.41, 95% CI 0.16 to 1.05; P=0.064), but the estimated number of episodes needed to treat was greater than 20 with a broad confidence interval (25, 95% CI 10.07 to ∞).
Episodes treated with parent initiated prednisolone were less likely than those treated with placebo to result in substitution of the study medication with an oral corticosteroid following a medical review (odds ratio 0.44, 95% CI 0.26 to 0.73; P=0.002). With regard to episode severity (and thus the appropriateness of the parent's decision to initiate therapy), only 11 (7%) of the 153 placebo treated episodes resolved within three days, whereas 69 (45%) required health resource use (local doctor, paediatrician, or emergency department review). In 54 (78%) of these 69 cases, the study medication was substituted for a known oral corticosteroid. There was no difference in the rate of behavioural adverse effects between treatment groups.
The difference between treatment groups appeared to be unrelated to the number of episodes contributed by participants. Among participants who contributed two or fewer episodes, treatment with prednisolone was associated with an 18% reduction in the daytime symptom score (ratio of geometric means 0.82, 95% CI 0.63 to 1.09) and an odds ratio for health resource use of 0.53 (95% CI 0.25 to 1.10). In participants who contributed more than two episodes, treatment with prednisolone was associated with a 15% reduction in the daytime symptom score (ratio of geometric means 0.85, 95% CI 0.73 to 0.99) and an odds ratio for health resource use of 0.55 (95% CI 0.31 to 1.00).
DISCUSSION
Principal findings of the study
This study found that, for children of school age with a history of frequent episodes of acute asthma, a short course of oral prednisolone initiated by parents early in the course of an episode of acute asthma was associated with a modest reduction in asthma symptoms, health resource use, and school absenteeism. Several aspects of the methodology of this trial were novel. For example, we used a single centre, population based approach; by contrast, the vast majority of large scale interventional trials are undertaken at multiple centres. Although the multicentre approach facilitates recruitment, the single centre approach enabled us to foster a sense of community "ownership" over the project, which was invaluable in developing and maintaining participant involvement.
Our recruitment strategy was also novel. Our approach of combing a population based survey of asthma symptoms 15 and requesting that parents volunteer their contact details allowed us to efficiently identify and recruit approximately 60% of the relevant children in the Barwon region. This survey also provided data on both the participants and their source population, which assisted with interpreting the generalisability of the study findings. The strategy of randomly allocating episodes of acute asthma rather than participants was also effective because the within participant data reduced the diluting effect of between participant variation in asthma phenotype, symptom interpretation, and threshold for health resource use.
Comparison with other studies Two previous randomised controlled trials found no benefit associated with parent initiated oral corticosteroids. The first study, by Grant et al, 22 evaluated a single 2 mg per kg dose of prednisolone administered by parents at the onset of wheezing in 86 children with a diagnosis of "asthma." The participants were aged 2 to 14 years, but most were less than 6 years of age. They were observed for a 12 month period: during one six month period the study medication was prednisolone, during the other it was placebo. Surprisingly, the likelihood of health resource use was greater during the six months where the study medication was prednisolone. There were no differences between treatment periods in the other measured outcomes.
The second study, by Oommen et al, 9 evaluated in children aged 1 to 5 years the efficacy of 20 mg prednisolone a day for five days administered by parents at the onset of an episode of wheeze. A total of 217 children were enrolled and data were collected on 121 wheeze episodes. There was no difference between treatment groups in symptom scores, health resource use, substitution of the study medication, or other outcome measures.
There are several reasons why we observed a benefit from parent initiated oral corticosteroids whereas previous trials on parent led oral corticosteroid use have not. 9 22 Most notably, the children included in this study were of school age, whereas most of the participants in the previous trials on parent initiated oral corticosteroids were of preschool age. 9 22 There is good evidence that oral corticosteroids are effective in school age children with asthma, 2 whereas recent evidence suggests that oral corticosteroids may not be effective among preschool children with virus induced wheezing. 
RESEARCH
It may also be relevant that we emphasised coadministration of high doses of β agonists. The early effects of oral corticosteroids are partly owing to upregulation of β receptors on the surface of airway smooth muscle, rather than anti-inflammatory action. 24 25 In the previous trials on parent initiated oral corticosteroids, the recommended dose of β agonist was either lower than that used in our trial (up to 400 μg of salbutamol) 9 or not specified. 22 Finally, our study had greater statistical power than previous studies because we collected data on a higher number of episodes and our data were paired.
Study limitations
Limitations to this study include not measuring the severity of the episodes of acute asthma or the appropriateness of the parent's decision to initiate the study medication. We were unable to measure directly episode severity because of the study's pragmatic design. Our objective was to determine the effectiveness of a healthcare strategy (parent initiated oral corticosteroids) rather than the efficacy of a therapeutic agent (prednisolone).
A crucial aspect of parent initiation of oral corticosteroids is that the parent must make the decision to initiate treatment without the assistance of a health professional to help evaluate episode severity. We judged that attempting to measure objectively episode severity at the time of oral corticosteroid initiation would undermine the study objective. It is possible that the effect of prednisolone was diluted by the inclusion of data from episodes where the parent initiated treatment without an adequate indication. It should be noted, however, that 69 (45%) of the 153 placebo treated episodes resulted in health resource use. In 54 (78%) of these 69 instances, the study medication was substituted by the treating doctor for a known oral corticosteroid, indicating that many of the episodes were not trivial.
We also did not measure the participants' lung function. Paediatric lung function testing is not available to most general practitioners. Given that parent initiated use of oral corticosteroids is a strategy that is particularly relevant to general practitioners, it was our view that the study eligibility criteria should reflect parameters that might be readily applied in the general practice setting.
Conclusions and policy implications
The results of this study are important because there has been minimal previous success in identifying parent initiated strategies that may reduce the burden of acute asthma in children. One of the approaches that has been evaluated is administration of a short course of inhaled corticosteroids. Although there is some evidence that high dose inhaled corticosteroids may be effective in the treatment of acute asthma in the hospital setting 26 and may also be associated with modest benefit in the ambulatory setting, 27 high dose inhaled corticosteroids are not as effective as oral corticosteroids. 28 A second approach is the use of formulations containing an inhaled corticosteroid and a long acting β agonist. Among children with uncontrolled asthma, the use of inhaled corticosteroids and a long acting β agonist as both maintenance and reliever medication may reduce asthma related health resource use compared with fixed dose inhaled corticosteroids and a long acting β agonist as maintenance treatment only. 29 However, fewer than 15% of children who present to an emergency department with an episode of acute asthma have a background of uncontrolled asthma 30 ; therefore, maintenance and reliever treatment with inhaled corticosteroids and a long acting β agonist is not appropriate for the great majority of children likely to use health resources to relieve acute asthma.
A third option is the use of a short course of the leukotriene receptor antagonist montelukast. There is evidence that parent initiated montelukast in children of preschool age with intermittent asthma is associated with a reduction in asthma symptoms and health resource use. 31 The magnitude of benefit is similar to that seen with parent initiated oral corticosteroids in this study. The evidence regarding short course montelukast in the treatment of acute asthma in school age children is inadequate, however, and there are no head to head trials comparing short course montelukast with oral corticosteroids for acute asthma in any age group.
What, then, is the role of parent initiated oral corticosteroids in the management of childhood asthma? From a health resource viewpoint, the use of parent initiated oral corticosteroids is cheap and seems to be associated with an important reduction in health resource use, which is costly. From the patient's viewpoint, however, the symptom benefit is modest, and a relatively large number of episodes will have to be treated to prevent the need for a medical review or hospital admission. In addition, the detrimental effects of recurrent short courses of oral corticosteroids may be significant. [5] [6] [7] [8] It seems sensible that if a child of school age has experienced repeated episodes of acute asthma that resulted in health resource use, the parent should be advised to keep oral corticosteroids available to be used in the event of a relatively severe episode. The clinician should, however, regularly review the frequency and appropriateness of parent initiated oral corticosteroids and health resource use to minimise the risk of adverse events related to the oral corticosteroids.
In summary, we found that in children of school age with a history of recurrent acute asthma, a short course of parent initiated oral prednisolone commenced early in the course of an episode of acute asthma is associated with a modest reduction in asthma related symptoms, health resource use, and school absenteeism. Parent initiated prednisolone may be an appropriate strategy for the management of more severe episodes of acute asthma in children of school age. However, the modest benefits of this strategy must be balanced against potential side effects of repeated courses of an oral corticosteroid.
WHAT IS ALREADY KNOWN ON THIS TOPIC
High level evidence indicates that oral corticosteroid therapy initiated by a doctor in the hospital setting is effective in the treatment of acute asthma in children of school age Existing evidence regarding the efficacy of parent initiated oral corticosteroids in children of school age with asthma is inadequate
WHAT THIS STUDY ADDS
Among children of school age, a short course of oral prednisolone initiated by parents for episodes of acute asthma may result in a reduction in asthma symptoms, health resource use, and school absenteeism
The modest benefits of this strategy must be balanced against potential side effects of repeated short courses of an oral corticosteroid
